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ABSTRACT 

We present Hubble Space Telescope ( HST ) observations of the exceptionally bright and luminous 
Swift gamma-ray burst, GRB 130427A. At * = 0.34 this burst affords an excellent opportunity to study 
the supernova and host galaxy associated with an intrinsically extremely luminous burst ( E iso > 10 54 
erg): more luminous than any previous GRB with a spectroscopically associated supernova. We use 
the combination of the image quality, UV capability and and invariant PSF of HST to provide the 
best possible separation of the afterglow, host and supernova contributions to the observed light ~17 
rest-frame days after the burst utilising a host subtraction spectrum obtained 1 year later. ACS 
grisrn observations show that the associated supernova, SN 2013cq, has an overall spectral shape and 
luminosity similar to SN 1998bw (with a photospheric velocity, v p h ~ 15,000 km s _1 ). The positions 
of the bluer features are better matched by the higher velocity SN 2010bh (v p h ~ 30, 000 km s _1 ), but 
this SN is significantly fainter, and fails to reproduce the overall spectral shape, perhaps indicative 
of velocity structure in the ejecta. We find that the burst originated ~4 kpc from the nucleus of 
a moderately star forming (1 M 0 yr _1 ), possibly interacting disc galaxy. The absolute magnitude, 
physical size and morphology of this galaxy, as well as the location of the GRB within it are also 
strikingly similar to those of GRB980425/SN 1998bw. The similarity of supernovae and environment 
from both the most luminous and least luminous GRBs suggests broadly similar progenitor stars can 
create GRBs across six orders of magnitude in isotropic energy. 

Subject headings: supernovae: general 


1. INTRODUCTION 

The connection between long duration gamma-ray 
bursts (LGRBs) and hydrogen poor type Ic supernovae 
has become well established based on the detection of 
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spectroscopic signatures of these supernovae ac compa- 
nying a handful of relatively local GRBs (e.g., Hjorth 
et al. 1 120031 IStanek et al.| |20031 [Soderberg et alTJ |2004; 


Pian et al.|2006 ; Bufano et al.|2012|). The GRB-SNe sam- 
ple increases when combined with a larger set of events 
which exhibit photometric signat ures in their light curves, 
consistent with SNe Ic (see e.g., Cano| |2Q13). Although, 
these light curve “humps” are not uniquely diagnostic of 
the supernova type, and are open to alternative interpre- 
tations, the emerging scenario is that at the majority of 
long GRBs are associated with type Ic supernovae (e.g. 

cSph ). 

However, the picture painted by observations of such 
GRB-SNe pairs has remained unsatisfactory in some re- 
spects. On average, these local events differ substantially 
from the majority of the GRB population in terms of en- 
ergy release, with isotropic energy releases (E iso ) a factor 
of 1 0 2 — 10 4 lower than the bulk population (e.g. Kaneko 


et al.| [2007). Of the bursts with the strongest evidence 
for SNe, only GRB 030329, with E iso ~ 10 52 erg ap- 
pears close to a being a classical cosmological long-GRB. 
Several local GRB/SNe pairs exhibit 7 -ray emission of 
extremely long duration (|Campana et al. 2006 Starling 
et al. 2011 ), while other very l ong even ts at larger redshilt 
show little evidence for SNe (|Levan et al.||2014|). Indeed, 
these local, low luminosity bursts have been suggested to 
arise from a very different physical mechanism than the 
classical bursts, such as relativistic shock b reak-out from 
the supernova itself (e.g. Nakar & Sari 2012 1 . Such emis- 
sion is difficult to locate in more luminous GRBs due to 
a combination of distance and glare from the burst itself, 
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although evidence for possible shoc k break-out compo- 
nents has been found in some GRBs ( Starling et al.|20i2' 


Sparre & Starling 2012). However, the several order o: 
magnitude difference m energy release between the local, 
low- luminosity and cosmological, high luminosity GRBs 
could also be indicative of rather different physical mech- 
anisms at play. Given this, the nature of the connection 
between the most energetic GRBs and their supernovae 
remains in urgent need of further study. 

Here we report observations of the brightest (high- 
est fluence) GRB detected in the past ~20 years, GRB 
130427A. The isotropic energy release of E iso ~ 10 54 erg, 
places it in the most luminous 5% of GRBs observed to 
date by Swift , and a factor of 100 brighter than GRB 


030329 (Hjorth et al. 


2003) which was the most lumi- 


nous GRB with a well studied supernova. At a redshift 


al. 2014 
open to 
a superr 

the burst is close enough that any supernova is 
spectroscopic study, and indeed the presence of 
lova, SN 2013cq, has been established (Ide Ugarte 

Postigo et al. 2013 

Xu et al. 

2013 

Melandri et ai.|2014p. 

Here we use the resolution of 

the Hubble Space Telescope 


to resolve and dramatically reduce the galaxy contribu- 
tion, and its UV capability to track the afterglow, hence 
enabling a view of the supernova as free as possible from 
the host, afterglow and atmospheric hinderance. 

2. OBSERVATIONS 

GRB 130427A w as discovered by Sw ift at 07:47:57 UT 
on 27 April 2013 (Maselli et al. 2013). It was also de- 
tected as an exceptionally bright GRB by Konus- WIND 
and Fermi with GBM ( von Kienlin|2013 ) and LAT (Zhu 
et al. 2013), and its prompt fluence of S ~ 3 x IQ" 5 
ergs cm -2 in the 10-1000 keV band (von Kienlin 20131 
makes it the most fluent GRB observed by Swift, Fermi or 
BATSE. It showed a bright X-ray and optical afterglow, 
peaking _at R=7.4 before the Swift GRB trigger (Wren 
et al. 2013). Early spectroscopy of the afterglow yie ded a 
redshitt of 2 = 0.340 ( Levan et al.|2013a ), which was con- 
firmed hmn_Ju 1 ter ! _more - detanedspectroscopic observa- 
tions (Xu et al.|2013). A full description of the aft erglow 


is given m Ferley et al. (2014); Maselli et al. (2014). Deep 


photometric and spectroscopic observations over the first 
10 days post burst revealed a re-brightening, consistent 
with the presence of a type Ic supernova, S N 2013cq (de 
Ugarte Postigo et al.||2013 Xu et al.|2013 ). 


2.1. Hubble Space Telescope Observations 

We observed the location of GRB 130427A with HST 
on 20 May 2013, 23 days after the initial burst detection. 
A second epoch was obtained in April 2014, almost a 
year after the initial burst. A log of these observations 
is shown in Table [l] For more detailed study of the host 
galaxy we also utilize a longer (2228 s) WFC3/F606W 
observation obtained on 15 May 2014. The imaging data 
were reduced in the standard fashion; with on-the-fly 
processed data retrieved from the archive and subse- 
quently re-drizzled using astrodrizzle, for UVIS ob- 
servations we separately corrected for pixel based c harge 


trans fer inefficiency (CTE) (Anderson & ACS Team 
2012). Photometry was performed in small apertures to 


minimize any contribution from underlying galaxy light, 
and maximise signal to noise, it was subsequently cor- 


rected using standard aperture corrections^] We also 
use direct image subtraction to isolate the afterglow/ SNe 
light at early epochs, this effectively removes the host 
contribution. These magnitudes may still contain some 
transient light, but since the second epoch magnitudes 
are a factor of ~ 15-30 lower than observed at early 
times, this suggests that these epochs can be used for 
effective subtraction. The resulting photometry is shown 
in Table [l] while our HST images are shown in Figure [T] 
We also obtained grism spectroscopy centered at ~ 
8000A with the G800L grism on ACS, with a position 
angle chosen to minimize the contribution from the un- 
derlying host galaxy (see Figure [I]). Again we utilized 
the on-the-fly calibrated images, corrected for CTE and 
bias striping. We detected sources on a single F606W 
image, and extracted these via aXe, subsequently driz- 
zling each of the four exposures to create master spec- 
tra, which was flux calibrated using published sensitivity 
curves. We extracted the light from the GRB counter- 
part in a relatively small aperture (~ 2 x FWHM). In 
principle a given pixel in the grism image may be exposed 
to light of multiple different wavelengths from different 
spatial locations on the chip. For the second epoch of 
observations we force an extraction of the same width at 
the position of the transient (as determined by a map 
between the first and second epoch of direct imaging). 
We then subtract this from the initial spectrum to ob- 
tain a host free spectrum. Since we have utilised a tight 
aperture around the SNe we subsequently scale this sub- 
tracted spectrum to the host subtracted magnitudes of 
the afterglow/SNe. 


3. ISOLATING THE SUPERNOVA 
3.1. Host contamination 

The afterglow is offset (0.83 ±0.03)" from the centroid 
of the host galaxy light in F606W, and so the latter is of 
little concern in our small (0.1") apertures. However, re- 
gions underlying GRBs are fre quently amongst the m ost 
luminous parts of their hosts (Fruchter et al. 2006), so 
some contamination may be expected. Our late time 
subtraction removes this from both our broad band pho- 
tometry and grism spectroscopy. For the high resolution 
observations reported here this contamination is small 
(at most 6% in the UV and 3% in the optical) for our pho- 
tometry. However, the contribution is somewhat larger in 
the grism observations. These observations disperse light 
not only from the region directly underlying the GRB, 
but also from other locations in the host (which repre- 
sent contributions at different wavelengths, overlapping 
the transient light). In particular, the proximate, bright 
star forming region contaminates the SNe considerably 
(>20% at the red end of our spectrum beyond 9000A). 
This region is also likely to be the dominant host con- 
taminant in ground based spectroscopy (since the host 
galaxy is resolved), and has quite different colours from 
the global host, implying potentially significant system- 
atic errors when the broadband SDSS colours of the host 
are used to attempt a subtraction (e.g. Xu et al. 2013, 
Melandri et al. 2014). Here we can directly remove 
this contribution via the subtraction of the deep second 


16 See |Sirianni et al. 20051 f° r ACS aperture corrections and 
http: //www. stsci . edu/hst/wf c3/phot_zp_lbn for WFC3 
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Fig. 1. — Our HST observations of GRB 130427A. The left hand panel shows our UV-optical and IR imaging (the UV data taken on 20 
May 2013, and the optical/IR on 10 July 2013). The afterglow, indicated by an arrow can be clearly seen offset 0.83 ,, from the centre of its 
host galaxy. In the UV the host is weakly detected, with a strong star forming region seen to the east of the GRB location. The F606W 
image shows a disk galaxy with hints of a bar structure, along with some sign of distortion possibly due to ongoing interaction. The large 
central panel shows a colour image from the three-band HST imaging. The host is at the centre, while other galaxies, possibly part of a 
structure at the same redshift are visible. The top right hand panel shows our grism spectroscopy of the host galaxy with the counterpart 
dispersed away from the host galaxy. 


TABLE 1 

Log of HST OBSERVATIONS OF GRB 130427A 


Date-obs 

MJD-obs 

AT (d) 

Filter 

exp. (s) 

AB-magnitude 

20-May-2013 

56432.10521 

22.78 

F336W 

1266 

23.28 ± 0.02 

20-May-2013 

56432.12503 

22.80 

F160W 

1048 

21.60 ± 0.01 

20-May-2013 

56432.37207 

23.05 

F606W 

180 

21.76 ± 0.01 

20-May-2013 

56432.37603 

23.05 

G800L 

1880 

- 

12-Apr-2014 

56759.14866 

349.82 

F336W 

2508 

26.17 ± 0.09 

18-Apr-2014 

56765.18459 

355.86 

F606W 

180 

25.67 ± 0.11 

18-Apr-2014 

56765.18459 

355.86 

G800L 

1880 

“ 


Note. — A log of HST observations of GRB 130427A. Optical observations were obtained with ACS, while UV and IR imaging was 
taken with WFC3 in the UVIS and IR channels respectively. The magnitudes shown are for a point source at the GRB location, and not 
for the overall host galaxy + afterglow combination. The magnitudes are corrected for a foreground extinction of = 0.090 mag, 

Af 606 W — 0.050 mag and — 0.010 mag. The late time magnitudes refer to the flux measured at the GRB position, but are likely 

dominated by host galaxy light. Errors in the magnitudes are statistical only. 


epoch. 


3.2. Afterglow 


SNe Ib/c are generally weak UV emitters due to the 
strong metal line blanketing shortward of ~ 3000A, so 
to first order our F336W observations should be free 
of supernova contribution. This is consistent^ with the 
UV c olours of GRB060218/SN2006aj (from Simon et al. 
21)101 and of XRF100316D/SN2010bh (from|Cano et al. 
2011 1, which would predict a factor > 10 decrease m ifux 
between F606W and F336W. There are few UV spectra 
of SN Ic, however if we graft the STIS UV observations 
of SN 200 2ap onto the optical spectra of SN 1998bw fol- 
lowing (LeTOT£tTL]|2005 then we can obtain a first order 
approximation of tne likely UV spectral shape (see Fig- 
ur e |2| ). 

These colours and spectra suggest it is reasonable to 
assume that the F336W light is dominated by the after- 
glow component. T o confirm thi s we utilize the UV to 
IR lightcurve from (Perley et al. 2014). This exhibits a 
spectral slope of F v oc with /3 ~ —0.92 and predicts 
U(AB)=23.41 ± 0.10 at the time of the first epoch of 
HST F336W observations. The corresponding HST UV 


magnitude is F336W(AB)=23.28 ± 0.02. Corrected for 
foreground absorption this is consistent with the after- 
glow contributing 90±10% of the measured F336W flux, 
confirming our assumptions above. This afterglow model 
predicts F160W(AB) = 21.84, somewhat fainter than the 
measured magnitude and suggesting that the supernova 
makes up ~20% of the light in this band, again in keep- 
ing with expectations of the few IR spectra o f broad-lined 
SNe Ic obtained to-date (e.g. Buf ano et al.||2012 ). 

We estimate the supernova contribution by using the 
model above, with initial error bars accounting for the 
uncertainty in the F336W afterglow light, discussed 
above, and the intrinsic value of /3, which we adopt to be 
0.92 ±0.1. For this range of models we then subtract the 
afterglow spectrum from the measured grism data, and 
neglect any host galaxy contamination. The extremum 
of this model is set by the assumption that both F336W 
and F160W are entirely dominated by afterglow, and by 
subtracting the resulting power-law index. 


4. DISCUSSION 
4.1. Supernova properties 
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Fig. 2. — The spectral energy distribution of GRB130427A/SN 2013cq as measured with HST. The top panel shows the data (black) 
along with the different components that may contribute as indicated. The host galaxy spectrum is based on our extraction of the host 
directly under the GRB position, and not its global properties. The lower panel shows the smoothed SN spectrum after subtraction of the 
afterglow light, and in luminosity space, directly compared against spectra of other GRB/SNe pairs. The supernovae have been scaled as 
shown in the legend, but in general the spectra show a good match with SN 1998bw at a similar epoch. 


Our grism spectrum, both before and after subtrac- 
tion of the afterglow and host light, is shown in Figure [2] 
(top and bottom). Broad features, consistent with those 
seen in other high velocity SN Ic associated with GRBs 
are clearly visible in the spectrum, even before subtrac- 
tion of the afterglow component. The absence of broad 
emission at Ha or He absorption rules out type II or lb 
events respectively. In the lower panel of Figure[2]we plot 
rest-frame wavelength versus luminosity c omp arisons of 
the afterglow subtracted and de-reddenec| 17 | spectra of 

1 ' We de-redden the spectra with a |Fitzpatrick 1 999| law, for 
a Galactic E(B-V) = 0.02 and intrinsic K( IP V ) =0 05. consistent 
with the Nal D Doublet 1 X 1 1 et al. 2 013} and afterglow modelling 
||Perley et al.|2014| |Maselliet al. 2U14) - The comparison SNe have 
been de-reddened utilising E(B- V ) = 0.07 for SN 1998bw, and a 
range of E(B-V) for SN 2010bh. The spectrum of SN 2003dh is 
from a spectral model free from extinction. 


SN 2013cq with various GRB/SNe pairs. 


The closest match for the overal l spectral shape and 


luminosity is that of SN 1998bw (IGalama et al. 

1998 

Iwamoto et al. 

1998 

Patat et al. 

2001). The similarity 


m appearance of these SlNe is primarily due to the overall 
spectral shape, with a drop in luminosity of a factor of 


~ 3 over the 5000-7000A range, substantially more than 
seen in other GRB/SNe pairs. 

The broad colours of these SNe are similar, and if the 
kink at ~ 6000A is interpreted as the Sill (6355A) blend 
then it would be indicative of a photospheric velocity sim- 
ilar to SN 1998bw at the same epoch [v p h ~ 15000 km 
s^ 1 ), although we note that this feature is apparently 
stronger in SN 1998bw, where there is marked upturn in 
flux red ward of it. This may suggest a somewhat higher 
velocity for SN 2013cq . Taken at face value this would 
suggest that SN 2013cq is broadly similar in peak lurni- 
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nosity, 56 Ni production and kinetic energy to SN 1998bw. 

While the similarity to SN 1998bw is very marked over 
the rest frame spectral range from 5100-7000A it is much 
poorer around the central peak of an SN Ic at ~ 5000A. 
In SN 2013cq this feature appears to be broader, and 
blueshifted relative to SN 1998bw, as observed by |Xu[ 
|et aH2013l Our comparison suggests that this peak may 
fit better with the slightly higher velocity SN 2003dh 
(Hjorth et al. 2003 Mazzali et al. 2003), the only one 
of the comparison SNe to arise from a luminous cosmo- 
logical GRB. In this case, the SN 2003dh model shown 
in Figure 2 remains a factor of 50% less luminous than 
SN 2013cq, and is systematically redder (i.e. a smaller 
decrement between the peak and ~ 6000A). However, 
the positions of the broadened lines do then appear gen- 
erally similar. 

Alternatively, this could be suggestive of a much higher 


veloc i ty supernova such as SN 2010bh (Bufano et al. 


2012 Cano et al. 2011) as favoured by Xu et alTJ 2013 
who infer v p h = 32,000 km s -1 from the Fell (5169A) 
at an epoch of 12.5 rest-frame days. This does provide a 
good match to the location and width of the feature; 
however, the overall spectral shape and luminosity of 
SN 2010bh are also very different from SN 2013cq. At 
17 days SN 2013cq appears to be much bluer, and a 
factor >3 times more luminous than SN 2010bh, sug- 
gesting it is not as good an analog as SN 1998bw. To 
obtain a match in both luminosity and general spec- 
tral shape would require that the reddening in the direc- 
tion of SN 2010bh had been significantly underestimated. 
Our plotted spectrum assumes E(B — V) na i — 0.12 and 
E(B — V)i n t = 0.14 (Bufano et al. 2012 1. To obtain a 
match would require de-reddening the spectra with an 
additional E(B — V)= 0.4 — 0.5, well beyond the values 
allowed from the Na I D doublet observed in moderate 


resolution X-shooter spectroscopy 

Bufano et al. 

2012) 

and even the largest extinctions 

aJ 

lowed by the atter- 

glow spectrum ( 

Olivares E. et al. 

2012 

). Hence, we dis- 


favour the suggestion that the underlying SNe is similar 
to SN 2010bh, due to the significant disparity in the lumi- 
nosity. Instead we favour a SNe similar in 5 °Ni yield and 
kinetic energy to SN 1998bw and SN 2003dh, in which 
possible velocity structure within the ejecta gives rise to 
a range of features within the spectra that do not provide 
a unique match to any previous GRB /SN e pair. Indeed, 
the recent study of Melandri et al.||2014 also identifies a 


source which is much brighter than SN 2010bh, but spec- 
trally intermediate between SN 1998bw and SN 2010bh. 

Despite these differences, it is clear that the features 
observed in the spectrum of SN 2013cq are broadly com- 
patible to the range observed in SN/GRB pairs, although 
a full model description of the spectrum is beyond the 
scope of this paper. To obtain approximate bounds on 
the luminosity of the supernova we integrate our after- 
glow and host subtracted spectra (allowing for the errors 
in the afterglow parameters) through through a rest- 
frame V-band filter to obtain a luminosity relative to 
SN 1998bw. This suggests that SN 2013cq has a luminos- 
ity factor k = iy(2013cq)/Ly(1998bw) of 0.77 ± 0.10. 
Given the suggestions that SN 20 1 3cq is more rapidly 


closer to that of SN 1998bw. 

GRB 130427A is unusual as a luminous GRB at a 
redshift at which the supernovae are open to detailed 
study. Indeed, it the the highest luminosity burst for 
which there is spectroscopic evidence for a supernova. In 
this regard the similarity of the supernova to that seen in 
a burst (GRB 980425) that was six orders of magnitude 
less energetic is striking. As we show in Figure [3] there 
is no correlation between the GRB energetics and the 
inferred peak magnitudes of their SNe. These similari- 
ties in SNe peak luminosity, and in their spectra suggest 
similarities in the ejecte d 56 Ni masses and kin etic ener- 
gies. Recent modelling (Mazzali et al. 2013) has used 
these diagnostics to suggest that most broad-lined SN Ic 
associated with low luminosity GRBs in turn arise from 
a relatively small range of ZAMS progenitor masses, per- 
haps between 30 — 50 M 0 . The detection of a similar SN 
in a highly luminous GRB extends this across a broader 
range of energy. 

4.2. Host galaxy 

Our HST observations clearly resolve the afterglow 
from the host galaxy, showing the GRB to lie at a spa- 
tial offset of 0.83", (4.0 kpc at z = 0.34) from the centre 
of its host. This is a relatively large offsej^for a G RB 
from its host galaxy (> 75% of those in Bloom et al. 
2002) although by no means exceptional (see Figure 3). 
In the F606W observations the galaxy exhibits a bar-like 
structure with a face-on disk visible beyond this, a weak 
spiral structure is also apparent, making the host one o f 


few to be classified as a spiral (Svensson et al. 2010). 
The F336W imaging shows weak star formation close to 
the centre of the galaxy, but the most striking feature is 
a strong star forming region at a similar radial offset to 
the GRB, but offset from the GRB position by 0.3"(1.5 
kpc). This region the strongest region of star formation 
in the host galaxy. While the magnitude of star for- 
mation underlying the GRB position remains uncertain 
because of contamination with the late time afterglow, 
the offset region is at least a factor of ~ 2 brighter. It 
also shows readily detectable OIII emission in the late 
time grism spectrum. The weak spiral arm in the direc- 
tion of the GRB also appears distorted, and so it may 
be that star formation has been triggered via a tidal in- 
teraction. In the larger field around GRB 130427A we 
note several galaxies of similar magnitude (see Figure]!]). 
In our grism spectroscopy these galaxies do not exhibit 
strong spectral lines, but they may well imply that the 
host of GRB 130427A lies within an association. 

The magnitude of the galaxy in a large aperture at late 
times after the afterglow/SNe has significantly faded is 
F336W(AB)=22.84 ± 0.07 at a rest-frame wavelength 
of approximately 2500A. This corresponds to a UV star 
formation rate of ~ 1.1 ± 0.1 M 0 yr -1 (error statisti- 
cal only), broadly in agreement with that inferred from 
the SDSS observed SED of the galaxy of 2+i M 0 yr -1 


evolving than SN 1998bw (Xu et al. 2013), these obser- 
vations (at the V-band peak of SN 1998bw) may under- 
estimate by true peak luminosity, which may be even 


(Xu et al. 2013), and suggesting a relatively (but not 
extremely) low speci fic star formation ra te by the stan- 
dards of GRB hosts (|Svensson et al.|2010). The compact 
star forming region close to the GRB contains ~10% 
of this star formation, making a highly luminous star 
forming region comparable to that seen in the host of 
GRB 980425/SN 1998bw (|Hammer et~al71 [2006] |Chris- 
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tensen et ah 
QBeck et al- 


kie close to t 


2008) or in a handful of other local galaxies 
At late times UV emission is visi- 
re GRB position, indicating that lower level 


star formation is likely arising proximate to the GRB. 
This may still contain some afterglow light, but this re- 
gion is at least a factor > 1.5 fainter than the brightest 
star forming region in the host. 

Some p reviously extremel y energetic bursts (e.g. GRB 
080319B, Tanvir et al.||2010) have shown extremely faint 
and small host galaxies, while the hosts of GRBs 980425, 
030329 and 060218 are also sub-luminous and LMC-like. 
However, as show in Figure 3 the overall population of 
GRB-SN host luminosities is shows no discernible cor- 


relation _with the energy of the GRB (see also Levesque 
et al. 2010), and the host of GRB 130427A is in keep- 
ing with these expectations. It is intriguing to note 
that the GRB host galaxy with the closest properties 
to that of GRB 130427A/SN 2013cq is in fact the host of 
SN 1998bw. It is also a rare example of a spiral galaxy, 
in which the GRB occurs at a moderately large offset 
from the nucleus, and from the strongest region of star 
formation within the host galaxy. This is shown graph- 
ically in Figure [4j Given the similarities in supernova 
and environment GRB 130427A would seem like a close 
analog of GRB 980425A if it were not for the factor of 
10 6 difference in their 7 -ray energy releases. 

5. CONCLUSIONS 

We have presented HST imaging and spectroscopic ob- 
servations of the extremely bright GRB 130427A, which 


show it was associated with a luminous broad line SN 
Ic (SN 2013cq). The red spectra offer good agreement 
with those of SN 1998bw, while the bluer spectra appear 
well matched in position if not shape with SN 2010bh. 
The host galaxy appears to be a disk galaxy of mod- 
erate luminosity and star formation rate, whose overall 
characteristics are consistent with those of the GRB host 
population at large. The similar properties of the SNe 
and hosts over six orders of magnitude in GRB isotropic 
equivalent energy would appear to suggest that the en- 
ergy of the GRB is not a strong function of environ- 
ment or the mass of the progenitor star, and that stars 
of similar mass and composition are responsible for the 
entire luminosity function of GRBs. More complex ef- 
fects within the star (e.g. rotation) or geometric effects 
are therefore needed to explain much of the diversity in 
the GRB luminosity function. 
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Fig. 3. — Top: A h istogram of Ei so for Swift GRBs (from |Ko-| 
|cevski Sz Butler 2008), amended with the Ei so values for GRB/biN 
pairs wiien not trom Swift. Bottom: The R-band luminosities of 
candidate GRB/SN (scaled to SN 1998bw, which has k r = 1), 
against the isotropic luminosities of the GRBs. Points in red are 
those with stro ng spectroscopic eviden ce for associated supernovae 
(category A in|Hjorth Sz Bloom||2011 ), blue points indicate cases 
where sp ectral l eatures were seen at lower signal to noise (cate- 
gory B in|Hjorth & Bloom|2011 ), and black points are those with 
weaker evidence tor associated SNe. The two errors bars marked 
in the case of SN 2013cq represent the error associated with a sim- 
ple afterglow subtraction and the extrema of possibilities (see text 
for details). The middle two panels show the offset from the GRB 
host centre and the GRB host B-band absolute magnitude as a 
function of isotropic energy release. The colour coding is the same 
as for the lower plot, while grey triangles indicate values from the 
literature for GRBs without cla imed SNe associations (data from 
(|Bloom et al.|2002| |Frail et al.|2001||). These data show that the 
properties ot GRB plNe and host galaxies are largely unaffected 
by the energies of the burst, and hence that progenitors in similar 
environments and with similar initial masses can likely create the 
entire GRB luminosity function. 



Fig. 4. — The host galaxies of GRB 130427A (left) and GRB 980425 (right). The left hand image is taken from our HST observations in 
F606W (May 2014), while the right hand image is an archival image of the host obtained with VLT/FORS2 in 2004. The position of the 
GRB/SNe is marked with a red circle in each case (note that the GRB 130427A image may contain afterglow contribution at the GRB/SN 
position). The resemblance between the two host galaxies is striking, especially given the rarity of spiral hosts amongst GRB host galaxies. 
Interestingly unlike most bursts these do not lie on the brightest regions of the hosts, but in spiral arms where the metallicity may be lower 
(see Fruchter et al. 2006). In both GRB 130427A and GRB 980425 the GRB/SNe occurred in a relatively faint region within the spiral 
arm, and not in the strongest star forming complex. 


